Market Context
The general trend toward the opening up of borders to trade in agricultural products has important implications for agricultural R&D policy. While progress on this front is much criticized for being too slow (and with some backsliding on the part of some countries), movements toward freer agricultural trade are expected to continue. The implication is that agricultural trading patterns will more closely reflect comparative advantage. An important implication for policymakers is that comparative advantage should guide R&D investments in developing countries more than it has in the past (see the Korea case study, for instance). However, it is not easy to judge comparative advantage and its implications for research priorities, not least because technological advancements, including innovations in transport and storage technologies, and other changes can alter comparative advantage in ways that are difficult to discern, and research lags can be long. Consumer attitudes toward food products changed markedly during the late twentieth century. Particularly important have been the increasing demand for food safety and environmentally friendly food production. These might not yet be major considerations for some low-income countries, but they are likely to become so as incomes increase. They are certainly major considerations in some rich countries that import food products from the developing world.
Equally potent institutional changes are afoot regarding relationships among food production, wholesale, and retail operations. The structure of food marketing is changing rapidly throughout much of the developing world. Retail food sales are quickly becoming the prevailing mode of delivery to consumers, and supermarkets and self-service convenience stores are now dominant players in the agrifood economy (Reardon et al. 2003) . Private food-quality standards and supply-chain management decisions made by food retailers are having increasingly pervasive and profound effects on commodity choice, quality, and timing of delivery by the farm-production sector. Taken together, these trends have important implications for on-and off-farm demands for technology, reshaping the incentives to innovate and changing the structure and likely sources of funds for the R&D required to develop and disseminate these technologies.
Spillovers of Scientific Knowledge and Technology
Agricultural science and technology spillovers are pervasive both within and among countries. Developing countries in particular have relied on the supply of basic science and certain agricultural technologies developed elsewhere, particularly in a few rich countries and the CGIAR. Spillovers extend beyond agricultural technologies that can be adapted to local conditions to include the underlying knowledge and scientific research. Intellectual property rights and other regulatory policiesincluding biosafety protocols, trading regimes, and specific regulatory restrictions on the movement of genetic material-influence the extent to which such spillovers are feasible or economic. Variability in the agroecological basis of agriculture means that imported technologies often have to be adapted to local conditions before they can be used (as was usually the case with Green Revolution wheat and rice varieties). In some cases, imported technologies are also screened for biosafety reasons (note the fungus problem caused by imported maize seed in Zambia). Nevertheless, for some developing countries and for some types of technologies, the least-cost option has been, and will continue to be, to import and adapt technology. However, both the supply and demand for spillover technologies are changing.
On the demand side, some developing countries have expanded their own research capacity and shifted upstream, reducing their emphasis on adaptive R&D: examples include the largest developing countries, Brazil, China, and India. These countries have become a potential source of new technologies for the poorest and smallest countries, which will continue to emphasize adaptive research, relying on spillins of technology from other countries. On the other hand, the large, richcountry NARSs that have been the primary source of these spillins, in particular the United States, have progressively shifted away from the types of agricultural R&D that are most easily adapted and adopted by developing countries. And the same countries have also scaled back their support for the CGIAR and other IARCs that provide global public-good types of agricultural R&D.
Rich and poor countries alike will have to adapt their strategies to reflect continuing changes in the nature of agricultural R&D spillovers. Unless something else changes to compensate, the shifting balance of supply and demand for spillovers of agricultural technologies seems likely to leave many of the world's poorest countries as technological orphans; at particular risk are countries in tropical and subtropical regions. It will be a major challenge for the international community to establish an institutional framework that results in optimal investments in R&D by and for developing countries, given the nature and importance of international spillovers. The starting point is to understand them better: to recognize the forms that they take and determine how to measure them with greater precision.
Implications for the CGIAR
As discussed in Chapter 12, the CGIAR has evolved from its initial focus on enhancing the supply of staple food. The early CGIAR strategy was to adapt existing technologies, recognizing that developing countries lacked local capacity and the rich-country crop varieties were not directly applicable. In the context of an expanded set of priorities and stagnant overall funding, however, the CGIAR has progressively scaled back its support for productivity-enhancing research. Some have questioned whether that evolution has gone too far, especially in light of other changes in the source of productivity-enhancing agricultural technologies for the food-deficit countries. In particular, as the spillovers from rich-country agricultural R&D become less relevant, many developing countries will increasingly rely on IARCs to supply basic breeding materials or finished varieties of staple crops. It can be argued, therefore, that the CGIAR should return to the basic objective of enhancing the supply of staple food, especially in food-deficit countries-both by providing relevant technologies and by strengthening agricultural research capacity in these countries-while recognizing that the market, policy, and scientific contexts for R&D have changed dramatically over the past several decades so that a "business as before" strategy will not suffice.
Shifting National Policy Contexts
In addition to these common threads and global interdependencies, substantive local issues affect how local agricultural-research systems operate and the constraints they face. For example, in South Africa, amid the myriad changes associated with the collapse of apartheid, structural changes in science and technology policy have had an important influence on the NARS. Economy-wide structural change has been important in Zambia. Indonesia's 1998 change of government resulted in moredecentralized decisionmaking in all areas of government, including the financing and conduct of agricultural research. As a consequence, it is likely that agricultural research in Indonesia will put more emphasis on farming systems and less on commodity-oriented research.
Some studies describe changes in the direction of research effort. In Bangladesh, for example, in response to a government policy to diversify away from cropping, crop research is receiving a declining share of agricultural research funds, with an increasing share going to livestock, forestry, and fisheries. The dualistic farming systems of Zambia and South Africa give rise to the question of whether the agricultural research system delivers as much for poor farmers as it does for large-scale commercial operators.
Research Funding Problems and Initiatives
Many of the problems facing agricultural research in the developing world relate to funding. Apart from the pervasive problem of simply not enough funding, in some places funding is also unreliable and highly variable from year to year. Initiatives to reduce these problems include policies designed to enhance the role of the private sector and innovations in funding mechanisms.
Pervasive Underfunding
Investment in agricultural research has high returns (see, for example, the metaanalysis of Alston et al. 2000 , and the evidence in the chapters on Indonesia, India, and the CGIAR), and the case studies demonstrate that agricultural research has played a major role in helping to provide food for large and expanding populations (as in China, India, and Indonesia). But there is pervasive underfunding of agricultural research. In most of the case-study countries, the research intensity (agricultural research expenditure as a percentage of agricultural GDP) is less than the global average of around 1 percent (Pardey and Beintema 2001) .
Underfunding of agricultural research is alarming for a number of reasons. Specific concerns include
• the continuing growth of populations, especially in the world's poorest countries;
• an increasingly scarce and deteriorating natural-resource base;
• the pervasive pockets of hunger and poverty that persist in developing countries, in many cases despite impressive national average-productivity increases; and
• the growing divergence between rich-country research agendas and the priorities of poor people.
Variability of Funding
The problem of temporal variability in the funding of agricultural R&D was emphasized in the Bangladesh case study, but it is a widespread problem that occurs for various reasons. Funding for agricultural R&D may have too much of a residual claim on scarce research dollars, as seems to be the case in Bangladesh. Donor funding varies in importance across the case-study countries, but is especially important throughout Sub-Saharan Africa; and it is subject to changing political circumstances within both the donor country and the recipient country. Variability may also result from major economic shocks, as occurred in Indonesia. Whatever the reason, variability in research funding is problematic because of the long gestation period for new crop varieties and livestock breeds and the desirability of assuring long-term employment for scientists and other staff. Variability encourages an overemphasis on short-term projects or on projects with short lags between investment, outcomes, and adoption. It also discourages the specialization of scientists and other resources, even when it has a high payoff potential.
The solution to this problem has not been found yet, although the levy or check-off system used in some countries (e.g., Colombia) is a means of maintaining a flow of funds for agricultural R&D when other funding sources wane. The problem will become greater given the need for developing countries to become more self-reliant in agricultural R&D.
Funding Innovations
Some innovations in funding methods may have exacerbated the problems associated with insufficient funding or unreliable funding; others may have ameliorated them. The main traditional funding method has been block grants to research institutes, with little or no consideration of research priorities, research productivity, or research planning in general.
Unlike some developed countries, such as Australia or the Netherlands, developing countries make relatively little use of funding mechanisms such as commodity levies or check-offs. Countries that do use such methods of funding include Uruguay, Zambia, South Africa, Colombia, Brazil, and Indonesia. Indonesia has a long history of producer levies being used to fund research on plantation crops because of their capacity to generate profits for those segments of the industry supporting the research through enhanced exports.
In some countries, public research institutes or agencies have tried to self-fund some of their research activity by commercializing their research operations or outcomes (for example, India, Indonesia, and even some CG centers). China also does this, partly motivated by a public-policy desire that research institutes get in tune with market needs. This has had the unfortunate side effect of distracting attention away from agricultural research and toward unrelated commercial activities (for example, the sale of bottled mineral water).
Another potential source of funds is the commercialization of research outcomes, but this is critically dependent on an effective system of intellectual property rights (IPR). Many case-study countries do not have effective IPR; in others the system is embryonic or requires further development to enact, strengthen, or enforce laws. The lack of effective IPR hinders the participation of private entities in agricultural R&D, either as independent research providers or in partnership with public agencies. Even so, some successful private-public partnerships have been formed in India, Indonesia, and China. The India chapter provides an interesting example of innovative funding: the government offers matching funds for income generated by public research providers through commercialization of technology and services and contract research for the private sector.
Private Sector Involvement
The extent of private involvement in agricultural R&D varies across the case-study countries, but, in general, the private share of total research funding is small. In India, however, private-sector funding appears to have grown rapidly in recent years and now accounts for an estimated 11 percent of total agricultural research funding. The case studies indicate that greater private involvement in agricultural R&D is warranted; they also suggest ways to encourage it, including more effective IPR legislation, removal of unnecessary controls on direct foreign investment, greater transparency and stability in regulations that affect foreign investors, tax exemptions on research expenditures and venture capital, and more liberal policies on the importation of research equipment.
Around much of the developing world, realistically, one should not expect private funding for agricultural R&D to displace public funding to any great extent any time soon. Research to develop the technologies that are least appropriable (like new management methods and know-how) will continue to require public funding. Any expansion in the relative importance of private funding, or public-private partnerships in the provision of agricultural R&D, will be for technologies associated with inputs used in farming (such as chemicals, seeds, and machines), as has been the case in India, or with off-farm processes.
Most developing countries will continue to face a scenario with a negligible private-sector involvement in agricultural R&D and a scarce public-sector resource. The main policy choice for these countries will be how to make the best of those resources to capitalize on international spillovers and maximize payoffs.
As explained in the India case study, modern biotechnology research raises a variety of new issues, particularly food and biosafety concerns and other issues arising from negative public perceptions of technology itself. Investment in agricultural biotechnology research across the case-study countries is uneven, and it is inhibited by inadequate legal and regulatory frameworks. Among the case-study countries, Brazil, China, and India are facilitating biotechnology research by strengthening intellectual property rights and putting in place a regulatory framework aimed at ensuring biosafety. In addition, these countries are making substantial public investments in agricultural biotechnology.
In rich countries, private firms have been active in biotechnology research because of the large potential payoffs from technologies developed for commercial field crops such as wheat, maize, cotton, and soybeans (James 2004) . The same trend can be expected in parts of the agricultural sectors in developing countries, such as plantation crops in Indonesia and cotton in India. However, further public involvement will be required if biotechnology products are to be developed for subsistence farmers in developing countries and for specialty crop growers everywhere (Alston 2004) .
Management Methods and Resource-Allocation Mechanisms
The case-study countries differ in details but share a number of common researchmanagement issues, most notably staffing concerns and approaches to allocating research resources.
Staffing Issues
The case studies detail various staffing problems in government research agencies that lower the payoffs of research spending. The obligation to pay pensions to an expanding cohort of retirees is problematic in China; loss of research scientists to other national and international organizations is a concern in Bangladesh and South Africa; and insufficient integration of research scientists in India's NARS with regional and international research networks is troubling, especially given that modern science is blurring disciplinary boundaries. Insufficient promotion on the basis of research productivity (as opposed to seniority) seems to be a pervasive problem, although some countries (such as China) are moving to address this problem. Many case studies also report insufficient staff with Ph.D.s, loss of staff from public agricultural-research institutions because of noncompetitive salaries, low ratios of scientific to administrative staff, high ratios of salary to nonsalary expenditures such that scientists lack equipment and operating inputs, and isolation of scientific staff from scientific networks.
Some of these staffing issues, such as lack of recognition of performance, are deeply entrenched in the public sectors of these countries and will probably require a major change in public-sector management before they are overcome. Others, such as exposure of staff to scientific networks, may be more transient, given developments in communications technology.
Resource-Allocation Processes
In recent years, economists have developed formal models for the ex ante evaluation of research projects to assist decision makers in allocating research funds. These models are being used increasingly in more developed countries, but they seem not to be used on any systematic basis in the case-study countries (except as a condition of donor funding). Similarly, the allocation of research funds according to clearly articulated research priorities-as happens in many developed countries-is less common in the case-study countries. Notable exceptions are India, where there is now some movement in that direction, and Brazil's Embrapa, which is perhaps the greatest user of formalized benefit-cost approaches in research evaluation and priority setting.
Competitive research grants (grants given on the basis of the quality of the proposed project and the track record of the researchers, which are common in developed countries) are becoming more widespread in most of the case-study countries. These are generally seen as a mechanism that helps ensure value for money in the provision of research services, although they do have certain transactions costs and can involve rent-seeking costs, as detailed in the Brazil chapter (see also Smith 1999, pp. 25-26, and Alston and Pardey 1996, pp. 297-300) .
Even in the developed countries, where competitive grants processes have been extensively employed, the efficiency gains have to be offset against the costs associated with the imperfections of the processes; the devil is in the details of the institutions and the market setting. For these kinds of reasons, it is not easy to generalize about the payoffs in practice from making research funds more contestable. In many developing countries where alternative research providers are limited, the potential benefits from making funds contestable nationally may not be large enough to justify the additional costs; opening up the process to nonnationals may be more useful.
Conclusion
The balance of global agricultural research investments is shifting in ways that will have important long-term consequences, especially for the world's poorest people. The primary reason is changes in the supply and demand for agricultural technolo-gies in the world's richest countries, which have been the main producers of agricultural technologies. These countries will no longer provide the same levels of productivity-enhancing technologies, suitable for adaptation and adoption in food-deficit countries, as they did in the past. This trend has been compounded by a reduction of rich-country support for the international agricultural research system, which had already diverted its own attention away from productivity-enhancing technologies.
These changes mean that developing countries will have to become more selfreliant in the development of applicable agricultural technologies. To achieve complete self-reliance will be beyond the ability of many countries, especially given recent and ongoing structural changes in science and scientific institutions-in particular the rise of modern biotechnologies and other high-tech agriculture, and the associated roles of intellectual property. The largest developing countriesBrazil, China, and India-are making the transition, but they have yet to overcome the problem of chronic underinvestment in agricultural research, and they have many problems to address with respect to the effective management and efficient use of available resources.
The poorest of the poor will continue to rely on the supply of spillovers from other countries and from multinational efforts, but current international investments in productivity-enhancing research seem too small to fill the vacuum being created by the changes in rich-country research agendas. During the twentieth century, the world's poor countries were often slow to take advantage of the fruits of agricultural-science achievements in the rich countries; they began to adopt modern varieties and mechanical and chemical innovations, but only after a lag. One purpose of multinational initiatives was to shorten the lag and close the gap, and that goal was apparently being realized during the Green Revolution. But recent trends raise the specter of repeating the past: the return of a large and growing scientific and productivity gap, with attendant human problems. A rethinking of some national and multinational policies is required.
The issues are large-scale and long-term, and they demand serious attention, including further and more-specific analysis. Additional research policy analysis and evaluation will be required to support improved research policy formulation and priority setting. The benefits from effective policy research will come not only from increasing the agricultural R&D effort and making it more economically efficient but also from remedying harmful policies. Many developing countries lack the institutional capacity for social-science research oriented toward agricultural science and technology policy (Smith, Pardey, and Chan-Kang 2004) . Like other types of agricultural R&D, policy-oriented research has to be locally adapted. A useful development in the case-study countries would be the establishment of domestic agricultural-research policy units to investigate and advise on a whole host of policy and practical issues concerning the NARSs, such as innovative funding methods, removal of constraints on private involvement in agricultural research, priority setting, workforce planning, incentive systems, and ex ante and ex post evaluation of research projects.
National governments in developing countries can also take some initiatives, as indicated by the analysis of case studies in this book, such as: (1) enhancing IPR and tailoring the institutional and policy details of IP to fit local circumstances; (2) increasing the total amount of government funding for their NARSs; (3) introducing institutional arrangements and incentives for private and joint publicprivate funding, such as matching grants and check-off funds; and (4) improving the processes by which agricultural research resources are administered and allocated. But such initiatives alone may not be sufficient. Another role for poor-country governments and others who care will be to remind rich people in developed countries that they can and should do more to help poor people in developing countries to feed themselves.
